The mode of breeding in a Drosophila natural pepulation can be determined to some extent, by studying the deleterious genes contained in the population.
The population size may be estimated when the equilibrium frequency and the rate of allelism of the lethal genes are known. The effective number of populations in Shizuoka or Hiroshima area have been estimated to be around 1,000 by using those parameters (Oshima and Kitagawa 1961, Minamori, Ikemoto and Fukaya 1962) . The number indicates that these populations are apparently small, which seems to be brought about by a contraction of the population size in winter season in those areas. If so, frequencies and rates of allelism of the lethal genes might be changed with the expansion of population size with the advancing breeding season.
A seasonal change in lethal gene frequency was observed first by Dubinin (1946) in Russian populations of Drosophila melanogaster. The change was also studied by Ives (1954) , Goldschmidt et al. (1955) , Band, Sheppard and Ives (1959), Hiraizumi and Crow (1960) and Karlik and Sperlich (1962) . Although they observed the frequency of lethal genes and also their allelic rates continuously for a fairly long period, no remarkable change could be detected. The main aim of the present study is to find out whether seasonal changes appear in the Hiroshima populations.
Ranges of territory of a population may be estimated, when allelic rates within or between populations are known, as studied by Wright, Dobzhansky and Hovanitz (1942) in Drosophila pseudoobscura populations.
Another aim was to determine the ranges in the area.
In the present paper, lethal frequencies and allelic rates in natural Hiroshima populations of D. melanogaster in different habitats, seasons and years, are described and the mode of breeding of the fly in the area is determined. Summer samples of 1961 were collected at three stations set in Hiroshima City and in Shiwa Town in late June. Autumn samples were collected at the same station and other two stations set in Kure City about 70 days after, in early October. At the earlier season the population size seemed to reach the first peak and at the later season it appeared to expand to the maximum (Figure 2) . In 1962, a summer sample was collected only from the Befu Station set in Shiwa Town and the autumn collection was made after about 80 days at the Tera Station set in Hiroshima City and the Befu Stations.
A second chromosome was isolated from a single male fly collected from natural populations by the marked inversion method. In the F3 generation after mating, the wild chromosome was duplicated. When non-Cy flies did not appear in the F3 generation, the isolated second chromosome was considered as carrying a lethal gene and when the number of non-Cy flies was less than 16.7 per cent of all emerged flies, the Flies were cultured at 25°C in a glass tube containing cornmeal-molasses-agar and yeast medium.
Results

Seasonal changes in population size
In Hiroshima City, fruit flies begin to appear usually in early July and disappear in December.
The seasonal changes in population size of the Midori Station set in Hiroshima City was examined in 1960. Six cubic cans of 10 X 10 X 10 cm3 volume provided with banana-yeast medium were set up in the grocery. The next day these cans were brought back to the laboratory and the number of collected flies was counted. These traps were set every third week from early July to late December. The results obtained are shown in Figure 2 . The temperature changes in Hiroshima City during the period are also shown in the figure; they are taken from the Report of the Hiroshima Climatological Station.
In the figure the ordinates indicate the number of collected flies per can.
In Hiroshima City the flies have not yet been collected earlier than May since 1959. The earliest collection could be made on June 24th of 1962. According to the survey in 1960, flies were collected for the first time in mid July and their number increased and reached to the first peak in early August. This peak coincided roughly with the temperature maximum of the year. Then, the number of flies collected This value approaches closely that reported in the previous paper (Minamori and Azuma 1962). Frequencies of chromosomes bearing semilethal genes were generally lower than of those bearing lethal genes through these populations. However, the former exceeded, on the average, the latter by more than 50 per cent. The result is slightly different from that for the Shizuoka populations reported by Oshima and Kitagawa (1960) . (Table 3 ). The frequency in the population of the Befu Station was notably less in cotrast to those of other stations in the other localities.
The differences between the Befu Station and each of the two stations set in Hiroshima City were highly signifi- The combined increment of the lethal and semilethal chromosomes was 3.52 per cent and it was statistically significant.
According to the assumption that mutation rate is 105 per locus, the number of lethal producing loci on the second chromosome is 500 and as seven generations passed during the two seasons, the increment of lethal genes in these populations should be 3.5 per cent (10.5 X 500 X 7). This value appears to be higher in contrast to that abtained in the survey. However, if
we take into consideration the following parameters; selection coefficient of lethal heterozygotes, Poisson distribution of lethal genes in the chromoseome, effective number of populations during the two collections, the calculated value should become lower. Therefore, the increment obtained in the survey may be considered to be close to the expected one.
c) The Table 6 . Allelic rates in these populations were distributed from zero to 60 per cent and the average was about 7
per cent. Thus a variation in the rate in different populations was detected. The allelic rates in the Midori Station in 1961 were quite similar to those in the two stations set in Kure City, but higher in the Tera Station set in the same city.
The difference between allelic rates at the Midori and Tera Station in 1961 was statistically significant (0.05> P > 0.02). The population of the Befu Station seemed to differ from those of the other stations, because allelic rates fluctuated markedly with The allelic rates in these populations may be decreased in the breeding season.
In fact, the difference between the average allelic rates in summer and autumn populations at the Midori, Tera and Befu stations in 1961 was 2.26 per cent. However, this difference was not statistically significant.
The allelic rates at the Midori Station obtained in 1959, 1960 and 1961 were very similar to each other. But the allelic rates in the autumn collection of Tera Station in 1962 were much higher than those obtained in the same season of the previous year and the difference between them was highly significant (P <0.01). This change may be supposed to be due to a generation of heterotic lethal genes in that population (see Section c).
If these heterotic alleles are left out of consideration, the rate in 1962 would become zero, rather close to the rate obtained in 1961. A similar repeated appearance of a heterotic allele was observed in the population of the Midori Station in 1961. These points will be described below in detail.
b) Allelic rates of lethal genes extracted from different populations
Allelic rates between lethal genes on chromosomes extracted from different stations in the same season of the same year are shown in Table 7 . In the allelism test, one representative chromosome was used when a lot of chromosomes bearing allelic genes were obtained, except for the tests between populations from Shizuoka and from Hiroshima areas.
The allelic rates between lethal genes extracted from different stations were much lower than those in the same population. This fact indicates that migration of flies so, the territory of each population may be assumed to be narrower than the area of a circle with 1.75 km radius, because the two stations were apart by 3.5 km between them.
The allelic rate between lethal genes extracted from natural populations of Hiroshima and of Shizuoka areas was 0.23 per cent (Table 7 , C). This value is closed to that expected when the allelic lethal genes arise independently. Therefore, these two populations are regarded to be completely isolated from each other. The allelic rates betweem lethal genes extracted from summer and autumn populations of the same station in the same year (A), and between lethal genes extracted from populations of the same station in the same season of two consecutive years (B) are shown in Table 8 . The former allelic rates were lower than intrapopulational allelic rates and rather close to those between stations. When the allelic rate between all lethal chromosomes was obtained, it became higher as given in the parenthesis of In the former station five chromosomes bearing allelic lethal gene were detected in the summer collections. Four chromosomes among them have been maintained in cy-balanced system and they were used for the allelism tests with the autumn collections of the same station in the same year. The lethal gene carried by them was proved to be allelic to lethal genes located on the five chromosomes extracted from autumn collections.
The half diallele cross by using all nine lethal strains was performed and it was shown that two groups of three chromosomes had a non-allelic lethal gene. The relationship is shown in Table 9 . This result could be consistently interpreted by assuming that three chromosomes (20, 130, 151) in the summer collections have, at least, two lethal genes as shown in Figure 4 . If this assumption is correct, the cis-formed double lethal heterozygotes could be considered to be maintained and these two lethal genes to be separated by recombination, each of them was found in the autumn population.
The results obtained in allelism test on the other two kinds of double lethal chromosomes extracted from the Tera Station in autumn of 1962 are shown in Table   10 . These two chromosomes (23, 13) bearing double lethal genes were recognized to have one common allelic lethal gene. The relationship is shown in Figure 5 . The exceedingly higher allelic rate in the Tera Station in autumn of 1962 is considered to be caused by the increase of these three kinds of lethal genes.
A heterotic viability of the cis-formed double lethal heterozygotes obtained in the Midori Station (ab) was reported by Oshima (1963) . Relative viabilities of the cd (Viability of Cy/Pm fly = 1.0000) and viability of double lethal heterozygotes was superior to that of separated single lethal heterozygotes, and even to that of normal heterozygotes. The superiority of the double lethal heterozygotes was recognized to be statistically highly significant (P 0.01). The viability of single lethal heterozygotes was slightly less than that of normal heterozygotes, but the difference was not significant. Among c, d and e single lethal heterozygotes, +/d was recognized to be significantly superior in viability to the other two (0.05 > P > 0.01, P < 0.01).
Discussion
The lethal frequency in natural populations of D. melanogaster in some localities in Japan was shown by Oshima and ourselves to be as low as in Korean populations (Paik 1960) or Russian populations (Dubinin 1946) and lower than in American populations (Ives 1944 , 1954 , Band and Ives 1961 , Hiraizumi and Crow 1960 , Seto 1961 and in Mediterranean populations (Goldschmidt et al. 1955 , Dawood 1961 , Karlik and Sperlich 1962 . According to Prout (1954) , the equilibrium frequency of lethal chromosomes in random mating expeimental populations was about 26 per cent. If the equilibrium frequency in these surveyed populations, when the population size is infinite, is assumed to be close to that value, the obtained frequencies (5.56 per cent in the summer populations, average) is much lower. Such an unsaturated content might permit a rapid accumulation of lethal genes in populations whose size becomes large.
The low frequency of lethals in these populations is considered to be not caused either by low mutation rate or low viability of lethal heterozygotes, but by the small number in effective size of these populations at some period of the breeding cycle. That frequency may also be brought about by direct selection of winter cold or summer heat against lethal heterozygotes as assumed by Band et al. (1959) . At present, it is obscure whether or not such a mechanism plays some role in these populations.
The small size of these Japanese populations is also considered by a fact of the biased distribution of visible mutants among populations or by the results obtained in intra-and interpopulational allelism tests. Two populations, living 3.5 km apart from each other, revealed to be nearly independent in their breeding.
By further studies the territory of each population might be found to be narrower than deduced from the above result.
It is certain that these small populations are isolated, though not completely, from each other, since in five stations they were discriminated from each other either by the difference in lethal frequencies and allelic rates or the difference of visible mutants. In Hiroshima area, many such populations seem to be distributed in a rather narrow space, and to mould each its genetic structure.
The seasonal changes in the lethal frequency and allelic rate seem to be repeated every year in each station without any remarkable fluctuation, because the frequencies and the rates of populations in each station in the same season were not changed in the consecutive years. This fact suggests that the effective number of populations in each station at the initial generation in the breeding cycle might be similar every year. If so, all populations might have each a specific and rather constant effective number. As already mentioned, some heterotic cis-formed double lethal genes, such as ab, cd and de, were contained in these populations. Such lethals may be propagated rapidly by their heterotic nature and the lethal frequency and allelic rate of the population would be increased. Therefore a great care is necessary for the deduction based on the effective number estimated directly from the obtained lethal chromosome frequency and allelic rate. At any rate, it is apparent that the population of each station starts with a small number of flies. However, it is unknown whether the original flies starting each population are immigrant flies or survived ones in a place. Concerning this point, some experiments and examinotions are undertaken. By our experiment, most strains of D, melanogaster revealed to be killed within two days at 0°C. Furthermore we could not keep alive the flies in a culture bottle at the Befu Station during the winter of 1961. Such results seem to support rather the probability of immigration of flies to the station from their hibernating places. This deduction is also justified by the fact that none of lethal genes were, as described, observed to persist over one winter season in three stations, though the lethal frequency and the allelic rate in populations of successive years seemed to be unchanged. It is apparent that the breeding mode affects the genetic structure of population of the fly, as discussed above. However, extensive ecological studies are necessary to get more exact knowledge on the relationship.
Summary
Frequency of the second chromosomes bearing lethal gene (or genes) in natural populations was examined in five stations, in summer and autumn seasons and in successive years in Hiroshima Prefecture. The combined frequencies of lethal and semilethal chromosomes varied with the stations, seasons or years from 2.2 per cent to 20.7 per cent. The allelic rates within a population ranged from zero to 60 per cent. These results suggest that these populations were small in size. From the results of allelic rates, the narrowest territory of a breeding unit was estimated. The frequency of lethal chromosomes was revealed to be increased by 2.53 per cent and that of semilethal ones by 0.99 per cent from summer to autumn, and about seven generations may elapse in natural populations during this period. The combined increment of lethal and semilethal chromosomes was statistically significant. 
